Zambian truffles, (believed to belong to the genus Terfezia because of its proximity to the Kalahari truffles), with a native Lozi name as Zoondwe (p) in Western province of Zambia, have been on the diet of many local inhabitants for many years. They are collected or hunted at the end of the rainy season between early April and early July each year. Very little is known of the Zambian truffles scientifically apart from the local ethno mycological knowledge. The present work is a preliminary study carried out to understand their ecology, plant interaction and distribution including the soil pH and the weather conditions.
Introduction
Truffles are eaten worldwide as a delicacy and fetch a higher price than the ordinary mushrooms depending on the species on the market (Luard, 2006) . The strong aromatic scent gives them a unique culinary identity to the gourmet lovers. The interest in Zambian truffles in this study is therefore two fold; one is to study their ecology and distribution and understand their ethno mycology and how it affects the local communities' livelihood; secondly to study their identity and their association with local plants so as to assess their potential for domestication like other truffle species that have been domesticated elsewhere (Trappe et al., 2009) .
Zambian truffles occupy a special place in the taxonomy of mycology; however, they have not yet been scientifically identified yet. Their identity has remained at the ethno-mycological level with local people just calling them zoonde and harvesting them on an annual basis as a source of food and income. This study emanates from an earlier unpublished work undertaken by an MBA student at the Copperbelt University who looked at marketing indigenous products. (Muyenga, 2012) This article is a review communication on the Zambian truffle as understood from an ethno mycological perspective and the given scientific description of what makes a truffle. So far there is no scientific record and identity of the Zambian truffle occurrence in the country. This article is a pilot study of the Zambian truffles and is restricted to their ecology and ethno mycology and lays ground for future studies in their taxonomic and nutrition studies.
Study Site
This study was carried out in Mongu and Senanga Districts in the Western Province of Zambia, between April and June in 2014 and 2015 truffle seasons each year. Senanga and Mongu lie on latitudes 15° and 16° S and longitudes 22° and 24° E in the western Zambia. Both locations form a large part of the Zambezi plains drainage system (Figure 1 ). The Zambezi River cuts its way forming a large flood plain before narrowing its course downstream towards the border with Namibia and Botswana borders.
This study was by no means an exhaustive survey of Zambian truffles. The areas visited were as a result of the limitations on resources. The area that supports the truffles is probably wider than the one visited. The truffle distribution limits are yet to be established through visits to areas beyond Mongu that have the same Kalahari sands and vegetation types that are associated with truffles in the known areas of Mongu and Senanga districts. 
Climate
The Zambian climate discipline is easily followed from the three agro-ecological zones, namely zone I, II and III used to divide the country. Zone II is further divided into IIa and IIb where Mongu and part of Senanga fall. This classification though intended for agricultural guidance assists one to make an on the spot analysis of the rainfall and temperature regimes.
Senanga forms the boundary between zone I and IIb, both that receive medium rainfall per annum (Figure2). The soils in Western Zambia are mainly Kalahari sands whose evolutionary period appears around 1.8 million years ago in the quaternary and tertiary systems. The texture and colour of soils is loose dark grey ( Figure 3 ) whose pH is around 6.3. A test for a number of trace elements was conducted using methods of soil analysis prescribed by Page (1982) . Results showed high levels of potassium and lead in milligrams per liter (see Figure 
The Zambian Truffle Ecology
Truffles are a diverse hypogenous group of mushrooms and are found in all continents in the world. They are so diverse that in North America the forests of North Pacific Northwest records more than 350 species in 35 genera (Trappe et al., 2009) .Truffles have been studied for more than a century. Vittadini (cited in Trappe et al., 2009 ) gave a more elaborate description in 1881 and was the first to recognize the importance of mycorrhizae to the nutrition of the host tree species (Trappe et al., 2009 ).
The survival of truffles worldwide lies in their ability to form the mycorrhiza with the roots of the host trees; in return the trees acquire the nutrients that are essential to their survival. The two hence have evolved together with this symbiotic relationship (Trappe et al., 2009 . They have adapted to being underground fruiting fungi probably as an adaptation strategy to escape fire and frosty period's temperatures on the ground surface.
The Zambian truffles are found mainly in the Kalahari sands in western province of Zambia where the vegetation is mainly dominated by the commercial timber producing Baikiaea woodlands. The hardwood timber species include the Guibourtia coloesperma (red wood) and, Pterocarpus angolensis (mukwa) trees that form the bulk of the forest species that are associated with the Zambian truffles. The forests are well drained with dambos and plains that drain the water into the adjacent Zambezi plains. Storrs (1995) gives an elaborate account of the trees of Zambia. The timber producing forests of the study area have a variety of shrubs and other herbaceous bushes in the truffle growing areas that may be critical to the truffle mycorrhiza association and hence their survival. 
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The close relativesof the Zambian truffles are the Kalahari truffles (kalahari tuber pfelii spp.) found in the neighboring Namibia south of western province in Zambia. This truffle species has been used by the Khoisan or the San people of the Kalahari in Southern Africa for many years. The discovery of two other truffle genera in Namibia and Botswana and third from the Northern Cape West of Kimberly in South Africa each represented by a single species (Trappe et al., 2008) adds to the prospect that Zambia could probably have a new genus and a new species given the fact that the ecological conditions that include rainfall, soil pH and vegetation greatly vary in these locations.
Truffle Morphology, Systematics
Morphology
The Zambian truffles' morphology seems to suggest that they belong to the ascomycetes group implying that they produce their spores in the sac-shaped structure that forms their basic appearance. The three truffle species found in the Southern Africa discussed by Trappe et al. (2008) are said to belong to the family Pezizaceae. Laessoe and Hansen (2007) state that this group was at one time treated as Tuberales. The group has seven families, namely Pezizaceae, Pyronematatceae, Geneaceae, Helvellaceae, Balsamiaceae, Terfeziaceae and Tuberaceae with fifteen genera in total. One can speculate that the Zambian truffles belong to the family Pezizaceae, but it leaves a question mark on their genera and species. One route would be to carry out a molecular investigation in relation to their relatives in the neighbouring Namibia and rule out the similarities or differences. Thereafter attempt to isolate them as separate genus and species.
Truffles are said to have been derived from mushroom ancestors in the evolutionary pathway. Morphologically they exhibit a vestigial stem that is not enough to lift them out of the ground and a cap that does not open to expose the gills. This vestigial stem may be further lost in some species (Trappe et al., 2009) . In this way truffles can be identified through such visual attributes by the inquiring person. 
Taxonomy
Truffle taxonomic studies have been studied since Vittadini made an elaborate description of truffles in 1881 (Trappe et al., 2008) . However, taxonomic studies keep revealing new knowledge in mycology and their systematics in general. For example, molecular studies on the neighboring truffle species in Namibia, that was referred to earlier as Terfezia pfelii which until recently has been treated within Mediterranean genus Terfezia for a long time. This has been demonstrated as a new genus namely Kalaharituber pfeilii through molecular phylogenic techniques (Ferdman et al., 2005) .
Mycophagy and Spore Dispersal
Truffles anywhere in the world do provide food to a host of forest animals. They owe this relationship to the odor that they produce as they mature. The odor attracts animals that dig them up and eat them. The spores survive the animal digestive system and are later dispersed as spores elsewhere through fecal droppings (Trappe and Claridge 2005) .Zambian animal spore dispersers are not clearly identified. The local people spoken to in the study area all suggest that the Common Duiker (Sylvicapra grimmia) and scrub hares (Lepus saxatilis) may be involved in the mycophagy of the Zambian truffles on account of the foot prints that are found in the truffle areas. Trappe et al. (2008) indicate that in the case of Kalahari truffles very little is also recorded but note that Mills (1990) observed a brown hyena (Hyaena brunnea) digging and eating truffles. Others include meerkats (Suricata suricatta).
Ethno Mycology
The native name for the Zambian truffle is soonde(s) and zoondwe (p) . The areas where they are harvested are called myondwe by the local people. Its bitter relative is called simbulukutu(s). It is only eaten in desperate times and situations. Truffle hunting is usually done by men and women of the younger generation who search for truffles in the identified myondwe productive forests. Hunting starts in early April soon after the rainy season. Truffle hunters use a sharp pointed stick to prod the ground for truffles. The presence of a truffle produces a unique echo and the find is made and the truffle fruit body is dug out by hands or sticks to a 20-30 cm below ground. Hunters have specialized in the resulting echo sound in the hunting process from the poking of the ground. There is usually one truffle per find but it is possible to find more. It takes some training for one to be able to master truffle hunting this way. If the bitter truffle is located it is possible to have more than one fruit in one hole.
The hunting techniques change in May and June as the ground gets drier. The presence of truffle fruits is located by observing cracks on the ground. After collecting, the truffles are ready for sale mainly at the market. The sale is usually apportioned into small heaps at the market or by the road side and sell for just below a US$ equivalent in the Zambian Kwacha. Truffles can stay fresh for up to seven days after being collected from the forest. This gives them a chance to be transported to some distance before they can go bad and deteriorate. 
Discussion
Zambian fungi have been documented by earlier workers. Piearce (1981) produced the first account of Zambian edible mushrooms. The information was based on the various discussions with local people and the importance of mushrooms in people's diet.
Similarly Harkonen et al. (2015) discuss the general classification of various Zambian fungi. The absence of truffles in their classification confirms the need for their taxonomic identity so as to make them part of the fungi found in Zambia.
The presence and occurrence of truffles in Western Zambia conforms to the notion or view that our biodiversity has not been fully understood because we still have species that need to be identified. People in Western Zambia have been exploiting truffles for several years, however they still remain unidentified by the scientific community. In this lack of knowledge and exposure lies the untapped food resources with a potential to be a resource base for raw materials for the nanotechnology industries such as nutritional additives to food processing and may hold an economic position in the wider truffle market. This also poses a great question on land use that has the potential to destroy the productive habitats for the Zambian truffles due to ignorance.
Truffles in Zambia have the potential for export and can compete with their European truffles counterparts. This will result in improved economic returns for the rural households that live close to the truffles areas.
Apart from the direct harvest, truffles have been proved to be easy to domesticate implying that they can be grown on a commercial basis on a truffle farm. To be able to achieve this there is a dire need for sound ecological and biological knowledge and the development of market structures that will give improved returns.
Conclusion
This study was a preliminary investigation into the occurrence of Zambian truffles in Western Zambia. It is not conclusive as the area visited was limited to a small place where truffles are harvested and sold as food at the market and the harvesting techniques are well developed by the local people. The investigation as to their occurrence should be extended to other areas in the country with similar vegetation, rainfall and soil types.
The Zambian truffles here also lack a scientific identity for them to be known to the rest of the scientific world. There is need for taxonomic investigation so as to establish their genus and species names. At the moment one can only speculate that they could be in the same genus as the Namibian truffle species. Their mycorrhiza association with plant species is also important aspect of knowledge that is needed to be investigated. Like all fungi they are heterotrophic in their nutrition, in that they decompose organic molecules that are originally built up by plants by secreting enzymes in their surroundings and thereby absorbing the dissolved organic molecules into their cells. In this case the trees, shrubs and plants that are specific to the association with truffles. The general taxonomy on the tree species that occur in the myondwe the truffle productive areas is well known and taxonomically identifiable. However there is a taxonomic knowledge gap in that other shrubs and plants are not well known. These may be the ones that play an important symbiotic relationship with the truffles.
Furthermore there is need to investigate their nutrition content so that they have value based on their nutrition and may be this should be done as a comparative study with other mushrooms in the country. This will be a worthwhile effort as truffles seem to fetch a higher price on the market especially European varieties for some unknown reasons perhaps owing to their being rare to find than ordinary mushrooms.
